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Abstract: M i c r o b i a l fermentation end products were investigated in Svalbard reindeer at two different locations, on 
Nordenskioldland ( N L ) (»=7) and in a marginal area on Nordaustlandet ( N A ) (n= 11), at different seasons. The p H ran-
ged from 6.51-6.70 in rumen contents and from 6.78-7.17 in the distal fermentation chamber (DFC=caecum and pro-
x imal part of the colon) on N L compared to 6.10-6.71 in rumen contents and 6.50-7.35 in D F C contents on N A . The 
ruminal volatile fatty acid concentration ( [VFAJ) was 84.5 ± 9 . 5 mmol/1 compared to 63-9 ± 17.6 mmol/kg in the D F C 
on N L in winter. In autumn, ruminal and D F C [ V F A ] was h igh at 113.5 ± 13.0 mmol/1 and 90.4 ± 10.9 mmol/kg, 
respectively. O n N A ruminal [ V F A ] was 85.7 ± 12.4 mmol/1 and 59-6 ± 1 . 3 mmol/kg in the D F C in winter, compared 
to 107.3 ± 18.4 mmol/1 and 102.0 + 12.7 mmol/kg in rumen and D F C , respectively, in summer. Mean acetate/propio-
nate (A/P) ratios in the rumen indicate fermentation i n favour of plant fibre digestion in winter (4.8) but not i n autumn 
(3.0) on N L . O n N A , the mean A/P ratio was 5.1 in winter, compared to 4.6 in summer. In all D F C investigated the 
A/P ratio was higher than 8.9- The in i t ia l ruminal [ V F A ] d id not reflect the V F A production measured. O n N L , the 
production rate of V F A was low or not detectable i n rumen and D F C in winter, while in autumn the total production 
rate of V F A was 59-3 k J/kgW 0 7 5 / d , of which 6 .5% originated from the D F C . O n N A i n winter, a total of 121.3 
k J/kgW 0 7 S/d was estimated of which 17% originated from the D F C , compared to a total of 380.4 k j / k g W " 7 '/d in sum-
mer where the D F C only contributed 2.7%. Plants (grasses and mosses) w i t h low quality i n winter do not seem to con-
tribute significantly to the V F A production in rumen and D F C . V F A production in the D F C seems to be of significant 
importance in reindeer when pastures have low availability but h igh quality. The concenttation and the rate of V F A 
production i n the D F C contents were not related to the size of the chamber, but to the diet eaten. 
K e y w o r d s : Rangifer tarandusplatyrhyncbus, v o l a t i l e fatty acids , energy p r o d u c t i o n . 
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Introduction 
R u m i n a n t s satisfy the i r energy requirements by u t i -
l i s i n g end p r o d u c t s f r o m f e r m e n t a t i o n of m i c r o o r -
ganisms l i v i n g i n the gas t ro in tes t ina l tract (Barcroft 
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et al, 1 9 4 3 ; A n n i s o n & A r m s t r o n g , 1970) . T h e 
r u m e n o f d o m e s t i c a n i m a l s has been subject o f 
m a n y p u b l i c a t i o n s a n d shows that r u m i n a l v o l a t i l e 
fatty ac id ( V F A ) concent ra t ion and p o o l size are cor-
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related w i t h V F A p r o d u c t i o n rate ( L e n g & B r e t t , 
1 9 6 6 ; L e n g et al, 1968 ; W e s t o n & H o g a n , 1 9 6 8 ; 
W h i t e & Staaland, 1983) . Research o n f e r m e n t a t i o n 
i n the r u m e n a n d i n the d i s t a l f e r m e n t i n g c h a m b e r 
( D F C = caecum and p r o x i m a l par t o f the c o l o n , 
before the c o l o n enters the c o l o n co i l ) i n w i l d a n i -
mals is l i m i t e d . L e c h n e r - D o l l et al. (1991) f o u n d 
o n l y s m a l l seasonal v a r i a t i o n i n the V F A concentra -
t i o n i n A f r i c a n d o m e s t i c r u m i n a n t s w h i c h reflected 
the food a v a i l a b i l i t y a n d q u a l i t y . T h e S v a l b a r d r e i n -
deer {Rangifer tarandus platyrhynchus) l i v e u n d e r the 
m o s t austere n u t r i t i o n a l c o n d i t i o n s o n the h i g h - a r c -
t i c archipe lago o f Sva lbard ( 7 7 - 8 1 ° N ) . T h e i r d i s t r i -
b u t i o n range f r o m h i g h q u a l i t y pastures o n 
N o r d e n s k i o l d l a n d ( N L ) to that o f N o r d a u s t l a n d e t 
( N A ) w i t h a m a r g i n a l l y v e g e t a t i o n , character ised as 
an arct ic desert (Staaland & P u n s v i k , 1980) . 
A c c o r d i n g to H o f m a n n ( 1 9 8 5 ; 1989) , reindeer are 
classif ied as adaptable i n t e r m e d i a t e feeders based o n 
the i r gas t ro in tes t ina l (GI ) a n a t o m y a n d f e e d i n g 
h a b i t w h i c h express the i r a b i l i t y to use a m i x e d d i e t 
w i t h l o w fibre content ( H o f m a n n & Stewart , 1972) . 
T h e wet w e i g h t of the r e t i c u l o - r u m e n contents i n 
a d u l t female S v a l b a r d reindeer was 7 7 . 6 % o f the 
to ta l G I content (Staaland et al., 1979) i n s u m m e r , 
7 6 . 6 % i n a u t u m n a n d 7 6 . 3 % i n w i n t e r (S0rmo et 
al., u n p u b l . ) . T h e D F C (dis ta l f e r m e n t a t i o n c h a m -
ber) o f a d u l t female Sva lbard re indeer is large c o n -
t r i b u t i n g 9 . 8 % o f the G I contents i n a u t u m n a n d 
9 . 0 % i n w i n t e r (S0rmo et al., u n p u b l . ) . O r p i n et al. 
(1985) and M a t h i e s e n et al. (1987) f o u n d h i g h l y 
act ive m i c r o b i a l organisms i n the r u m e n and cae-
c u m of Sva lbard reindeer, w i t h s t r o n g seasonal 
changes i n the n u m b e r and c o m p o s i t i o n o f bacter ia . 
S v a l b a r d reindeer are faced w i t h seasonal changes i n 
p h o t o p e r i o d a n d have a c o r r e s p o n d i n g pa t te rn i n 
f o o d i n t a k e , w h i c h is l o w i n w i n t e r c o m p a r e d to 
s u m m e r (Larsen et al., 1985) . U s i n g the p r e d i c t e d 
data f r o m N i l s s e n et al. (1984) a n d f r o m W h i t e & 
Staaland (1983) , the r u m i n a l p r o d u c t i o n i n s u m m e r 
o n N L (575 k j / k g W 0 7 7 d ) c o n t r i b u t e d 8 0 . 5 % m o r e 
t h a n fas t ing m e t a b o l i c rate i n S v a l b a r d reindeer, b u t 
the i m p o r t a n c e of V F A p r o d u c e d i n the D F C is not 
u n d e r s t o o d . T h e c o n t r i b u t i o n o f f e r m e n t a t i o n p r o -
ducts f r o m the r u m e n i n w i n t e r is s t i l l unclear. W e 
therefore w a n t e d to examine the r u m e n and D F C 
c o n t r i b u t i o n of V F A ' s , lactate a n d succinate to the 
d a i l y energy s u p p l y i n Sva lbard re indeer i n di f ferent 
locat ions a n d at di f ferent t imes o f the year. T h e 
r u m i n a l and D F C f e r m e n t a t i o n i n S v a l b a r d reindeer 
were therefore evaluated by i n v e s t i g a t i n g p r o d u c t i -
o n rates o f V F A u s i n g the z e r o - t i m e in vitro t e c h n i -
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que ( C a r r o l l & H u n g a t e , 1 9 5 4 ; H u n g a t e et al., 
1 9 6 1 ; H u n g a t e , 1 9 6 6 ; W h i t e & Staa land, 1 9 8 3 ; 
O l s e n & M a t h i e s e n , 1996) . 
Material and methods 
The study area 
T h e i n v e s t i g a t i o n was carr ied o u t i n one l u s h and 
one m a r g i n a l area of S v a l b a r d . T h e r i c h area was 
located b e t w e e n 7 8 ° 0 5 ' - 7 8 ° 1 7 T S f a n d 15 W -
1 7 ° 3 0 ' E a n d i n c l u d e d several locat ions o n the p e n -
i n s u l a N o r d e n s k i o l d l a n d ( N L ) . S n o w covers the 
g r o u n d for 8 -9 m o n t h s i n w i n t e r a n d the v e g e t a t i o n 
is d o m i n a t e d b y grasses and mosses. T h e m a r g i n a l 
i n v e s t i g a t i o n area was N o r d a u s t l a n d e t ( N A ) 
( 7 9 ° 1 7 ' - 8 0 ° 5 0 T S f a n d 1 7 ° 4 7 ' - 2 7 ° 2 2 ' E ) , an i s l a n d 
separated f r o m Spi t sbergen b y the H i n l o p e n strait . 
G l a c i e r s covers 8 0 % of the i s l a n d , a n d s n o w covers 
the g r o u n d for 9 - 1 0 m o n t h s o f the year. T h e vegeta-
t i o n is scarce a n d the area is character ised as an arc-
t i c desert (Staaland & P u n s v i k , 1980) . 
Animals 
A tota l o f 7 a n i m a l s were i n v e s t i g a t e d o n N L (3 
males i n w i n t e r ( A p r i l ) 1994 , 2 females i n w i n t e r 
( A p r i l ) 1995 a n d 2 females i n a u t u m n ( O c t o b e r 
1995)) . O n N A a to ta l o f 11 a d u l t a n i m a l s were 
i n v e s t i g a t e d . O f these were t w o s laughtered i n w i n -
ter ( A p r i l ) 1 9 9 4 , one male a n d one female . I n 
A u g u s t 1 9 9 5 , 9 a n i m a l s were i n v e s t i g a t e d ; 3 males 
a n d 6 females. A l l a n i m a l s were shot w h i l e g r a z i n g 
a n d a l l samples were t a k e n i n the field i m m e d i a t e l y 
after k i l l i n g . T h e w h o l e a n i m a l a n d the r u m i n a l a n d 
D F C contents were w e i g h e d a n d p H was recorded 
i n the contents i m m e d i a t e l y after k i l l i n g . T h e 
r u m e n contents also i n c l u d e contents f r o m the r e t i -
c u l u m , the D F C consis ted o f c a e c u m a n d the p r o x i -
m a l part o f the c o l o n , before i t enters the c o l o n c o i l . 
Chemical analyses 
Samples o f r u m e n contents were f rozen (-20 °C) 
after death o f the a n i m a l a n d were b r o u g h t to the 
laboratory i n T r o m s ø where i t was d r i e d at 115 °C 
u n t i l constant w e i g h t and the d r y mat te r content 
was e s t i m a t e d . A n a l y s e s o f the p l a n t c e l l w a l l frac-
t i o n ( h e m i c e l l u l o s e , ce l lulose a n d l i g n i n ) w h i c h was 
ca lculated f r o m values o f n e u t r a l detergent fibre 
( N D F ) , a c i d i c detergent fibre ( A D F ) a n d a c i d deter-
gent l i g n i n ( A D L ) , were carr ied out u s i n g the t ech-
niques o f V a n Soest (1963 a; b), V a n Soest & W i n e 
(1967) a n d G o e r i n g & V a n Soest (1970) . N i t r o g e n 
contents were d e t e r m i n e d by the K j e l d a h l m e t h o d 
( H o r w i t z , 1980) a n d conver ted to crude p r o t e i n 
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( C P ) b y m u l t i p l i c a t i o n b y 6 .25 . T h e a m o u n t o f 
water - so luble carbohydrates ( W S C ) was d e t e r m i n e d 
as d e s c r i b e d i n O l s e n et al. (1994) . D r y samples 
were ashed at 5 5 0 °C for 1 2 h to convert a l l measure-
ments to a n organic mat te r ( O M ) basis. 
I n v i t r o fermentation of ruminal and DFC contents 
W h e n o b t a i n i n g the r u m e n a n d the D F C contents , 
s tandard m e t h o d s for r u m e n m i c r o b i a l s tudies were 
used ( O r p i n 1985 ; O l s e n & M a t h i e s e n , 1996) . 
T h e to ta l r u m e n a n d D F C fluid v o l u m e was f o u n d 
b y d e t e r m i n i n g the d r y mat te r content . T o o b t a i n 
the c o n c e n t r a t i o n and p r o d u c t i o n rate o f acetate, 
p r o p i o n a t e a n d butyrate , w h i c h cons t i tu te the t o t a l 
v o l a t i l e fat ty acids ( V F A ) , the w h o l e r u m e n a n d the 
w h o l e D F C was e m p t i e d i n t o pre w a r m e d thermos 
flasks (10 1 a n d 5 1) w h i c h were sealed. T h e zero-
t i m e in vitro t echnique was used to o b t a i n the c o n -
centra t ion a n d p r o d u c t i o n rate of V F A i n S v a l b a r d 
reindeer ( C a r r o l & H u n g a t e , 1954 ; H u n g a t e et al, 
1 9 6 1 ; H u n g a t e , 1966 ; W h i t e &- S taa land, 1 9 8 3 ; 
O l s e n & M a t h i e s e n , 1996) . B y i n c u b a t i n g the 
r u m e n a n d D F C contents anaerobical ly , a curve 
c o u l d be cons t ruc ted f r o m the change i n V F A levels 
i n the sample d u r i n g the i n c u b a t i o n p e r i o d ( 7 0 - 1 2 0 
m i n ) . T h e slope of the curve represents the rate o f 
p r o d u c t i o n in vivo, at the t i m e the s a m p l e was c o l -
lected f r o m the a n i m a l . B y e x t r a p o l a t i n g the regres-
s ion l ines to zero, we c o u l d d e t e r m i n e the concen-
t ra t ion of V F A i n the f e r m e n t i n g chambers at the 
t i m e o f dea th . T h e contents were m i x e d t h o r o u g h l y 
between each s a m p l i n g . A sub sample o f r u m e n 
contents (about 100 g) was sieved t h r o u g h t w o l a y -
ers o f m u s l i n . T h e f i l trate (10 m l ) was fixed i n 5 m l 
0 . 5 M H C 1 a n d was frozen i n c o u n t i n g tubes (-20 
°C) u n t i l analysis . I n d i v i d u a l l y m a r k e d a n d 
w e i g h e d c o u n t i n g tubes, each c o n t a i n i n g 10 m l 
0 . 5 M H C 1 were added a p p r o x i m a t e l y 5 g o f D F C 
contents at di f ferent t i m e intervals i n the field, a n d 
were sealed a n d frozen (-20 °C). A f t e r a r r i v a l at the 
laboratory at D e p a r t m e n t of A r c t i c B i o l o g y at 
T r o m s ø , the tubes were w e i g h t e d a n d the a d d e d 
a m o u n t of D F C contents i n each tube was c a l c u l a -
ted before analysis . A l l samples were taken i n d u p l i -
cate. F r o m the one-hour est imate o f V F A p r o d u c -
t i o n , a t o t a l 24 h p r o d u c t i o n of V F A was ca l cu la ted . 
T h e V F A ' s p r o d u c e d were assumed to be absorbed 
i n the r u m e n or d o w n the gas t ro in tes t ina l tract . 
Therefore the c o n t r i b u t i o n o f V F A ' s f r o m the 
r u m e n a n d D F C to the to ta l energy b u d g e t c o u l d be 
ca lcula ted . E n e r g y avai lable f r o m the V F A p o o l was 
ca lculated u s i n g energy values o f 8 7 4 , 1 5 3 4 a n d 
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2 1 9 0 k j / m o l e for acet ic , p r o p i o n i c a n d b u t y r i c 
ac ids , respect ively (Blaxter , 1962) . 
Measurements of pH 
R u m i n a l a n d D F C contents were transferred to p r e -
w a r m e d thermos containers and p H was recorded i n 
the contents w i t h t w o ca l ibra ted p o r t a b l e p H 
meters ( p H M 80 a n d p H M 2 0 1 , R a d i o m e t e r ® , 
C o p e n h a g e n ) w i t h c o m b i n e d p H electrodes ( G K 
2 5 0 1 C a n d p H C 2 0 0 5 , R a d i o m e t e r ® , C o p e n h a g e n ) 
at 10-15 m i n intervals for m a x i m u m 120 m i n after 
k i l l i n g . B y e x t r a p o l a t i n g the ca lcu la ted regression 
l ines for changes i n p H to zero t i m e , the p H at t i m e 
of d e a t h c o u l d be e s t i m a t e d . C h a n g e i n p H per u n i t 
t i m e was used as an i n d i c a t o r of f e r m e n t a t i o n rate. 
T e m p e r a t u r e i n the r u m i n a l a n d caecal contents was 
k e p t be tween 35 °C a n d 39 °C d u r i n g the s a m p l i n g 
p e r i o d . 
GLC analyses 
Samples o f r u m i n a l a n d D F C contents for analyses 
o f V F A c o n c e n t r a t i o n were co l lec ted at 10-15 m i n 
intervals for m a x i m u m 120 m i n .after k i l l i n g . T h e 
samples were analysed for V F A , lactate a n d succ ina-
te b y means of G L C ( C r o m e p a c k C P 9 0 0 0 ; 
C r o m p a c k , B e r g e n op Z o o m , H o l l a n d ) as descr ibed 
i n O l s e n & M a t h i e s e n (1996) and S 0 r m o et al. 
(1994) . E a c h s a m p l e was h o m o g e n i s e d a n d an inter -
n a l s tandard (IS): (0.5 m l of 0 . 2 1 3 6 g 2 - e t h y l b u t y -
r i c a c i d d i sso lved i n 2 5 0 m l d i s t i l l e d water) and 0.6 
m l 1 2 M H C 1 were a d d e d to 1 m l o f the h o m o g e n i -
sed s a m p l e , m i x e d for 0.5 m i n a n d extracted w i t h 2 
m l of d i e t h y l ether for 1 m i n . T h e s a m p l e was cen-
t r i f u g e d i n a L a b o f u g e , speed 5 for 5 m i n . , the ether 
phase was r e m o v e d a n d co l lec ted , a n d the sample 
was extracted a g a i n for 1 m i n u s i n g 1 m l of d i e t h y l 
ether. A g a i n the ether phase was r e m o v e d after 5 
m i n c e n t r i f u g i n g . N - t e r t - b u t y l d i m e t h y l s i l y l - N -
m e t h y l t r i f l u o r a c e t a m i d e ( M T B S T F A ; l O u l ) was 
a d d e d to the c o m b i n e d ether extract i n a test tube , 
w h i c h was sealed. T h e acids were der iva ted by hea-
t i n g for 2 0 m i n at 82 °C. Samples were kept at 
r o o m temperature before i n j e c t i n g 0.5 u l i n t o a gas 
c h r o m a t o g r a p h fitted w i t h a C P S I L 8 C B c o l u m n 
( C r o m e p a c k no 7 4 5 2 , 30 m , 0.2 m m I D ) c o n t a i n i n g 
a film (0.25 u m ) o f s i l i c a g e l . T h e carrier gas was H 2 
at 45 cm/s. Injector ' t emperature was 2 5 0 °C a n d 
detector t empera ture was 2 7 0 °C. 
Statistical analyses 
T h e n o n - p a r a m e t r i c W i l c o x o n rank s u m test 
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Plant quality index (water soluble carbohydrares 
and crude protein) (mean ±SD) versus production 
rare of volatile fatty acids (mmol/h)(mean +SD) 
i n Svalbard reindeer on Nordenskioldland ( N L ) 
and on Nordaustlandet ( N A ) different times of 
the year, •= N L winter, • = N L autumn, 
• = N A winter and O = N A summer. 
m i n e differences a m o n g a n i m a l g r o u p s . S ta t i s t i ca l 
s igni f icance was assumed to be at P < 0 . 0 5 . 
Results 
Chemical composition 
C h e m i c a l c o m p o s i t i o n o f the r u m e n contents o f 
S v a l b a r d re indeer g r a z i n g on N L a n d o n N A is c a l -
cu la ted f r o m S 0 r m o et al. ( u n p u b l . ) a n d is s h o w n i n 
Table 1. T h e c e l l w a l l contents f r o m the r u m e n s of 
N A re indeer were l o w e r t h a n i n N L . B o t h the 
w a t e r - s o l u b l e carbohydrates ( W S C ) a n d crude p r o -
t e i n ( C P ) were c o n c o m i t a n t l y h i g h e r i n N A t h a n i n 
N L reindeer. H i g h e s t W S C and C P and lowest c e l l 
w a l l s were noted for N A reindeer i n s u m m e r . 
L o w e s t W S C a n d C P were recorded i n the r u m e n s 
of N L reindeer i n w i n t e r ( F i g . 1). 
PH 
R u m i n a l a n d D F C p H i n Sva lbard re indeer f r o m 
dif ferent locat ions a n d seasons are s h o w n i n Tables 2 
and 3 a n d i n F i g 2. I n Tables 2 and 3 are p H at t 0 
f r o m i n d i v i d u a l a n i m a l s presented, a n d a m e a n a n d 
S D for each g r o u p o f a n i m a l s is ca lcula ted based o n 
the i n d i v i d u a l measurements . I n F i g . 2 , the slope 
and p H at t 0 is ca lcula ted f r o m the regression l i n e , 
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F i g . 2. Regression lines plot for the p H i n the rumen 
( O ) and in the distal fermentation chamber (•) 
of Svalbard reindeer at Nordenskioldland ( N L ) 
and on Nordaustlandet ( N A ) different times of 
the year as a function of t ime. (W=winter . 
A=autumn. S=summer). 
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of a n i m a l s . There were no s ign i f i cant differences 
(P>0 .05 ) i n r u m i n a l i n i t i a l p H be tween locat ions 
a n d seasons (Tables 2 and 3). T h e r e were no s i g n i f i -
cant differences i n i n i t i a l p H i n the D F C contents 
be tween a n i m a l s shot i n a u t u m n and w i n t e r o n N L 
(Table 2). M e a n i n i t i a l p H i n D F C contents at N A 
i n w i n t e r (6.6 ± 0.12) was s i g n i f i c a n t l y ( P = 0 . 0 5 ) 
lower t h a n p H i n the D F C i n reindeer o n N A i n 
s u m m e r (7.0 ± 0.22) C W =3, » j = 2, n2=l) a n d c o m -
pared to p H measured i n the D F C o n N L i n w i n t e r 
(7.0 ± 0 .17) (Ws=3, n, = 2, n2=5) (Table 2 a n d 3). I n 
the r u m e n of reindeer o n N L i n w i n t e r , p H (mean 
+SD) decreased 0 .09 ± 0 .04 u n i t s per hour , s i g n i f i -
cant ly di f ferent f r o m a u t u m n (-0.48 ± 0 .01 uni ts/h, 
P = 0 . 0 5 , W s = 3 , « j = 5, n2=2). O n N A the rate o f p H 
decrease was 0 .24 ± 0 .08 i n w i n t e r a n d not s i g n i f i -
cant ly di f ferent f r o m s u m m e r (-0.35 ± 0 .14 
units/h), ( F i g . 2). Rate o f p H decrease i n r u m e n 
contents o n N L i n w i n t e r was s i g n i f i c a n t l y l o w e r 
( P = 0 . 0 5 , Ws=3, » j = 5, n2=2), t h a n o n N A i n w i n t e r . 
O n N L , rate of p H decrease i n D F C i n w i n t e r was 
l o w (-0.12 ± 0.05 units/h), c o m p a r e d to - 0 . 3 6 ± 
0 .02 units/h i n a u t u m n . O n N A i n w i n t e r , rate of 
p H decrease i n D F C contents was 0 . 1 0 ± 0 .03 and 
not di f ferent f r o m that f o u n d i n s u m m e r (-0.21 ± 
0 . 1 3 ) ( P > 0 . 0 5 ) , ( F i g . 2). 
Ruminal and DFC concentration of VFA 
O n N L i n w i n t e r , r u m i n a l i n i t i a l m e a n t o t a l [ V F A ] 
(85 ± 9.5 mmol/1) was s i g n i f i c a n t l y l o w e r ( P = 0 . 0 5 , 
W =3, n1 = 5, n2=2) t h a n i n a u t u m n (113 ± 13.0 
mmol/1) (Table 2). O n N A , m e a n i n i t i a l r u m i n a l 
[ V F A ] i n s u m m e r (107 ± 18 mmol/1) was h i g h e r 
t h a n i n w i n t e r (86 ± 12 mmol/1) b u t differences 
were not s ign i f i cant (Table 3). R u m i n a l [ V F A ] i n 
w i n t e r o n N L and N A were closely s i m i l a r (Tables 2 
a n d 3). N o difference i n i n i t i a l [ V F A ] i n the D F C 
be tween w i n t e r a n d a u t u m n on N L were observed, 
b u t o n N A D F C [ V F A ] was s i g n i f i c a n t l y l o w e r i n 
w i n t e r (60 ± 1.3 mmol/1) c o m p a r e d to s u m m e r 
(102 ± 12.7 mmol/1) (P = 0 .05 , W=l, n^2, n2=8) 
(Table 2 a n d 3). T h e r e were no differences between 
[ V F A ] i n females a n d males at N A i n s u m m e r . 
S i g n i f i c a n t differences (P=0 .05) i n V F A p o o l size 
be tween w i n t e r a n d s u m m e r were observed o n N A , 
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tota l V F A , several other v o l a t i l e fat ty ac ids , i n a d d i -
t i o n to lactate a n d succinate were f o u n d i n the 
r u m e n a n d i n the D F C o f S v a l b a r d re indeer (Table 
6). In Tables 2 and 3 are [ V F A ] at t 0 f r o m i n d i v i d u -
al a n i m a l s presented, a n d a m e a n and S D for each 
g r o u p o f a n i m a l s is ca l cu la ted based o n the i n d i v i -
d u a l measurements . I n F i g . 3 the s lope a n d [ V F A ] 
at t 0 is ca l cu la ted f r o m a regression l i n e w h i c h 
inc ludes a l l measurements f r o m each g r o u p of a n i -
mals . 
Acetate, propionate and butyrate ratio 
O n N L i n w i n t e r the r u m i n a l m e a n rat io o f acetate, 
p r o p i o n a t e and butyrate (A/P/B) was 7 7 : 1 7 : 6 c o m -
pared to 7 0 : 2 4 : 6 i n a u t u m n . O n N A butyra te was a 
re la t ive ly m o r e i m p o r t a n t a c i d and the A / P / B rat io 
was 7 6 : 1 5 : 9 i n w i n t e r and 7 3 : 1 6 : 1 1 i n the r u m e n i n 
s u m m e r . In the D F C acetate was r e l a t i v e l y more 
i m p o r t a n t t h a n i n the r u m e n a n d the A / P / B rat io 
was 9 2 : 6 : 2 i n w i n t e r o n N L c o m p a r e d to 9 0 : 8 : 2 i n 
a u t u m n . O n N A i n w i n t e r the A / P / B rat io i n the 
D F C was 8 8 : 8 : 4 c o m p a r e d to 89 :8 :3 i n s u m m e r . 
T h e major difference between V F A ratios i n the 
r u m e n and D F C was the A / P rat io (Tables 2 a n d 3). 
In the r u m e n o f N L and N A reindeer, ratios were 
between 3.0 to 5 .1 , whereas those i n the D F C were 
10.7 to 14 .8 . I n the r u m e n , lowest A / P ratios were 
associated w i t h h ighest [ V F A ] . 
VFA production rate 
In seven of ten data sets r u m i n a l and D F C [ V F A ] 
increased w i t h t i m e to g i v e regression coefficients of 
0 .047 to 0 . 4 8 0 m m o l / h / m l ( F i g . 3). T h e lowest 
value was d r i v e n by one of three a n i m a l s w i t h a s i g -
ni f icant t r e n d , therefore no seasonal V F A p r o d u c t i -
on was d e t e r m i n e d for the D F C o f N L re indeer i n 
the w i n t e r (Table 4). F o r the r u m e n contents of N L 
reindeer i n w i n t e r there was an overal d e c l i n e i n 
[ V F A ] w i t h t i m e ( F i g . 3), a g a i n no in vitro V F A p r o -
d u c t i o n rate c o u l d be es t imated (Table 4) . F o r a l l 
N A a n i m a l s [ V F A ] increased w i t h t i m e (Table 5, 
F i g . 3) and m e a n V F A p r o d u c t i o n rates were deter-
m i n e d for b o t h w i n t e r and s u m m e r (Table 5). T h u s , 
on N L , t o t a l r u m i n a l a n d D F C V F A rate of p r o d u c -
t i o n was l o w or not detectable i n w i n t e r b u t i n 
a u t u m n V F A p r o d u c t i o n accounted for 59 ± 6 
k J / k g W 0 7 5 / d o f m e t a b o l i z a b l e energy of w h i c h 
6 . 5 % o r i g i n a t e d f r o m the D F C (Table 4) . O n N A i n 
w i n t e r the t o t a l rate o f V F A p r o d u c t i o n accounted 
for 121.3 ( 69 .5 k J / k g W 0 7 7 d m e t a b o l i z a b l e energy 
of w h i c h 1 7 % o r i g i n a t e d f r o m the D F C . I n s u m m e r 
V F A m e t a b o l i z a b l e energy was 3 8 0 . 4 ± 182 .9 
k J 7 k g W " 7 5 / d , a s ign i f i cant increase over w i n t e r 
( P = 0 . 0 2 , W=3, n} = 2, » 2 = 9), b u t the D F C c o n t r i -
b u t e d o n l y 2 . 7 % . (Table 5). I n i t i a l r u m i n a l V F A 
c o n c e n t r a t i o n was not correlated w i t h r u m i n a l V F A 
p r o d u c t i o n rate (Tables 2 and 3). T h i s was conf i r -
m e d i n the contents o f the D F C . R a t e o f decrease o f 
r u m i n a l p H ( F i g . 2) was related to increased V F A 
p r o d u c t i o n rate (Table 4 and 5, F i g . 3), b u t was not 
s ign i f i cant for the D F C . 
Discussion 
I n domest i ca ted r u m i n a n t s fed a h i g h q u a l i t y d i e t 
the in situ p H i n the r u m e n is u s u a l l y between 5.5 
a n d 6.7 ( H u n g a t e , 1966) . R u m i n a l p H is d e p e n -
dent o n the d ie t , the rate of sal ivary secret ion, rate 
o f V F A p r o d u c t i o n a n d a b s o r p t i o n across the r u m e n 
w a l l ( C h u r c h , 1983) . T h e m e a n i n i t i a l p H measured 
i n the r u m e n of S v a l b a r d reindeer d i d not vary s i g -
n i f i c a n t l y be tween seasons and loca t ions , r a n g i n g 
f r o m 6 .48 to 6 .68 (Table 1 and 2 , F i g . 2). These 
values are s i m i l a r to that measured b y W h i t e & 
Staaland (1983) b u t h i g h c o m p a r e d to that f o u n d 
by O r p i n et al. (1985) where a m e a n (± S D ) p H o f 
6.19 ± 0 .16 i n the r u m e n f l u i d was measured i n 
s u m m e r . I n w i n t e r O r p i n et al. (1985) observed a 
m e a n p H o f 6.75 ± 0 .18 i n the r u m e n f l u i d . T h e 
s m a l l differences i n p H observed c o u l d be due to 
seasonal changes i n capaci ty of sa l ivary secret ion. 
T h e in vitro rate of decrease of p H i n the r u m e n c o n -
tents c o u l d ind ica te differences i n rate o f V F A p r o -
d u c t i o n . O n N A i n s u m m e r , p H decreased 0 .35 
units/h c o m p a r e d to as m u c h as 0.8 units/h on N L 
i n s u m m e r (ca lculated f r o m W h i t e & Staaland, 
1983) and 0 .48 units/h i n a u t u m n on N L ( F i g . 2). 
T h e difference i n r u m i n a l p H rate o f decrease bet-
ween seasons and locat ions are not s i m p l y e x p l a i n e d 
by differences i n p l a n t q u a l i t y (Table 1). A s based 
o n W S C a n d C P levels , the h ighes t rate o f change 
s h o u l d be N A i n s u m m e r , N A i n w i n t e r and t h e n 
N L i n a u t u m n ( F i g . 1). R u m i n a l p H also reflects 
V F A p r o d u c t i o n . I n the D F C , p H was lowest 
(P = 0.05) i n w i n t e r at N A i n d i c a t i n g a m o r e act ive 
m i c r o b i a l e n v i r o n m e n t i n this f e r m e n t i n g c h a m b e r 
c o m p a r e d to that f o u n d i n the other seasons and are-
as (Tables 2 and 3). T h i s is also reflected i n the re la-
t i v e l y h i g h p r o d u c t i o n rates of V F A f r o m the D F C 
i n this area i n w i n t e r (Tables 4 and 5). O n N L the 
D F C p H was not d i f ferent i n a u t u m n a n d w i n t e r 
(Table 2). M a t h i e s e n et al. (1987) f o u n d the p H i n 
the caecum of S v a l b a r d reindeer on N L to be l o w i n 
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s u m m e r (6.81 ± 0 .12) and h i g h i n w i n t e r (7 .14 ± 
0.26) w h i c h contrasts our findings, w h i c h c o u l d be 
due to loca l v a r i a t i o n i n p l a n t species a n d p l a n t q u a -
l i t y . O r p i n et al. (1985) and M a t h i e s e n et al. ( 1987) 
f o u n d that the r u m i n a l and caecal bacter ia l c o m p o -
s i t i o n is s t r o n g l y affected b y changes i n die t q u a l i t y 
and a v a i l a b i l i t y w h i c h i n t u r n is reflected i n the pat -
tern a n d p r o d u c t i o n rate o f V F A a n d , hence, the 
p H . R e g u l a t i o n o f p H i n the D F C is , however, not 
w e l l u n d e r s t o o d . P H i n r u m e n and D F C inf luence 
o n a b s o r p t i o n o f V F A . T h e m e c h a n i s m for a b s o r p t i -
on o f V F A across the caecal m u c o s a is b y s i m p l e d i f -
f u s i o n ( M y e r s et al., 1967) , b u t rate o f a b s o r p t i o n i n 
the r u m e n a n d caecum o f i n d i v i d u a l V F A was 
decreased 4 0 - 6 7 % b y increas ing p H f r o m 4 . 5 - 7 . 2 
i n the r u m e n ( D i j k s t r a et al., 1993) , a n d decreased 
b y 4 4 % w h e n increas ing the p H f r o m 6.2 to 7.5 i n 
the caecum ( M y e r s et al, 1967) . 
Concentration and production rate of ruminal VFA 
T h e c o n c e n t r a t i o n a n d c o m p o s i t i o n o f V F A i n the 
Sva lbard reindeer r u m e n (Table 2 a n d 3) is c o m p a r a -
ble to that f o u n d i n the r u m e n fluid o f d o m e s t i c 
r u m i n a n t s e a t i n g a poor q u a l i t y forage ( H u n g a t e , 
1966) a n d o f d o m e s t i c t u m i n a n t s g r a z i n g i n a 
t h o r n b u s h savannah ( L e c h n e r - D o l l et al., 1991) . I n 
r u m i n a n t s the V F A concentra t ion a n d p r o d u c t i o n 
rate is d e t e r m i n e d by food q u a l i t y and q u a n t i t y 
( H u n g a t e , 1966) , b u t also of d i l u t i o n rate, r u m e n 
fluid v o l u m e a n d a b s o r p t i o n rate (Lechner- D o l l et 
al, 1991) . W h i t e & Staaland (1983) f o u n d an i n i t i -
al [ V F A ] i n s u m m e r on N L at 8 9 ± 6 mmol/1 (mean 
± S D ) . T h i s is l o w c o m p a r e d to that f o u n d i n these 
exper iments where the [ V F A ] was 107 ± 18 mmol/1 
i n s u m m e r o n N A a n d 114 ± 13 mmol/1 i n a u t u m n 
o n N L . I n f r e e - l i v i n g N o r w e g i a n re indeer the i n i t i a l 
tota l [ V F A ] was 7 9 mmol/1 (Aagnes et al, 1995) i n 
w i n t e r c o m p a r e d to 85 ± 10 mmol/1 o n N L a n d 8 6 
± 1 2 mmol/1 o n N A i n Svalbard re indeer i n w i n t e r . 
N o pos i t ive corre la t ion between the c h e m i c a l c o m -
p o s i t i o n of r u m e n contents i n the a n i m a l s i n v e s t i g a -
ted and [ V F A ] c o u l d be observed (Table 1, 2 a n d 3), 
even i f there were differences i n p l a n t ce l l w a l l c o n -
st i tuents . T h e difference i n r u m i n a l c h e m i c a l c o m -
p o s i t i o n a m o n g locat ions is, however , reflected i n 
r u m i n a l V F A p r o d u c t i o n (Table 1, 4 a n d 5 , F i g . 3 . , 
F i g . 1). W h i t e & Staaland (1983) e s t i m a t e d a r u m i -
na l V F A rate o f p r o d u c t i o n c o r r e s p o n d i n g to 575 
k J / k g W 0 7 7 d on N L i n s u m m e r . O n N A i n s u m m e r 
and o n N L i n a u t u m n , r u m i n a l V F A p r o d u c t i o n 
represented 58 and 1 0 % , respectively, o f that f o u n d 
on N L i n s u m m e r , w h i c h indicates a h i g h forage 
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q u a l i t y o n N L i n s u m m e r (Table 4 , 5 a n d F i g . 3). 
T h e dif ference p r o b a b l y reflects differences b o t h i n 
p l a n t q u a l i t y a n d a v a i l a b i l i t y ( W e s t o n & H o g a n , 
1968) . These data s u p p o r t o u r u n d e r s t a n d i n g of the 
m a r g i n a l s u m m e r a n d w i n t e r pasture where the 
a v a i l a b i l i t y seem to be l o w b o t h s u m m e r a n d w i n -
ter, b u t the q u a l i t y seem to be h i g h i n N A . T h e l o w 
r u m i n a l p r o d u c t i o n tate o n N L i n w i n t e r seem to be 
related to a h i g h p r o p o r t i o n of r u m i n a l p l a n t c e l l 
w a l l a n d mosses (54%) (Table 1, S 0 r m o et al, 
u n p u b l . ) . T h e c o n c e n t r a t i o n a n d p o o l size o f V F A 
seem to be corre lated w i t h V F A p r o d u c t i o n rate i n 
domest i ca ted r u m i n a n t s ( W e s t o n & H o g a n , 1 9 6 8 ; 
L e n g & B r e t t , 1 9 6 6 ; L e n g et al., 1968) . T h i s seems 
not to be the case i n arct ic r u m i n a n t s l i k e re indeer 
w i t h s t r o n g seasonal changes i n food i n t a k e a n d 
p l a n t q u a l i t y . R u m i n a l V F A c o n c e n t r a t i o n and p H 
were h i g h i n reindeer o n N L i n w i n t e r (Table 2), 
b u t V F A p r o d u c t i o n rate was l o w (Table 4 , F i g . 3). 
It is l i k e l y that V F A a b s o r p t i o n across the r u m e n 
w a l l o f S v a l b a r d reindeer is l o w i n w i n t e r w h e n p H 
is h i g h and c o u l d e x p l a i n the h i g h V F A levels m e a -
sured. L e c h n e r - D o l l et al. (1991) , observed that d i l -
u t i o n rate, r u m e n fluid v o l u m e and a b s o r p t i o n rate 
in f luenced V F A concent ra t ion far m o r e t h a n the 
p r o d u c t i o n rate i n seasonal A f t i c a n d o m e s t i c r u m i -
nants. W e s t o n & H o g a n (1968) also i n d i c a t e that 
var ia t ions i n d i e t and p h y s i o l o g i c a l state o f the a n i -
m a l c o u l d inf luence o n the b l o o d flow s u p p l y to the 
r u m e n e p i t h e l i u m a n d c o u l d result i n changes i n 
a b s o r p t i o n rates, p o o l size and rate o f p r o d u c t i o n of 
V F A relat ive to the V F A c o n c e n t r a t i o n . In 
N o r w e g i a n re indeer the absorpt ive surface o f the 
r u m e n decreased between September and A p r i l 
w i t h 4 8 % d e t e r m i n e d by surface en largement factor 
estimates o f the r u m e n e p i t h e l i u m (Josefsen et al., 
1996) . W e assume the absorpt ive surface o f r u m e n 
e p i t h e l i u m i n S v a l b a r d re indeer changes f r o m s u m -
m e r to w i n t e r i n a s i m i l a r p a t t e r n , and the change 
c o u l d inf luence o n the rate o f V F A a b s o r p t i o n . 
Concentration and production rate of DFC VFA. 
Large a m o u n t s o f the c e l l w a l l carbohydrates l i k e 
cel lulose a n d h e m i c e l l u l o s e p a r t i a l l y escape r u m e n 
d i g e s t i o n a n d thus become avai lable for f e r m e n t a t i -
on b y D F C bacter ia ( V a n Soest, 1994) . T h e p r o p o r -
t i o n o f h e m i c e l l u l o s e d iges ted i n the latge in tes t ine 
is h i g h e r t h a n that o f ce l lu lose ( U l y a t t et al., 1 9 7 5 ; 
V a n Soest, 1994) . T h i s apparent resistance o f h e m i -
cel lulose for r u m e n f e r m e n t a t i o n c o u l d be an 
i m p o r t a n t factor l i m i t i n g the rate o f b r e a k d o w n of 
cel l w a l l carbohydrates i n the r u m e n . G r a y (1947) 
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f o u n d that 1 7 % of the d i g e s t i b l e ce l lu lose was d i g e -
sted i n the c a e c u m , 7 0 % i n the r u m e n a n d 1 3 % i n 
the c o l o n of sheep. C h e m i c a l analyses o f the p l a n t s 
i n the r u m e n contents o f the S v a l b a r d re indeer s u g -
gest that the a m o u n t o f p l a n t c e l l w a l l is h i g h o n 
N L a n d l o w o n N A (Table 1, S 0 r m o et al., u n p u b l . ) . 
A n a t o m i c a l s tudies of S v a l b a r d re indeer have s h o w n 
that the v o l u m e of the D F C increases re lat ive to the 
r u m e n v o l u m e w h e n the a m o u n t o f h e m i c e l l u l o s e 
increases i n the r u m e n contents (S0rmo et al, 
u n p u b l . ) , i n d i c a t i n g that the i m p o r t a n c e o f the 
D F C c o u l d be related to h e m i c e l l u l o s e f e r m e n t a t i -
o n . T h e c o n c e n t r a t i o n o f V F A i n the D F C was s i g n i -
ficantly l o w e r i n w i n t e r t h a n i n s u m m e r o n N A , b u t 
no differences were observed i n the r u m i n a l h e m i -
cel lulose content (Table 1 and 3 , S 0 r m o et al, 
u n p u b l . ) . T h e p r o d u c t i o n rate of V F A i n the D F C 
o n N A i n s u m m e r was, however, o n l y h a l f o f that 
f o u n d i n w i n t e r a n d c o n t r i b u t e d o n l y 2 , 7 % o f the 
to ta l energy p r o d u c e d f r o m V F A i n the G I s y s t e m 
i n s u m m e r c o m p a r e d to 1 7 % i n w i n t e r (Table 5). 
T h i s is p r o b a b l y due to the b o t a n i c a l c o m p o s i t i o n of 
the p lants eaten, since r u m e n contents consis ted 
m o s t l y of Saxifraga spp. (55%) a n d Draba spp . 
(12%) i n w i n t e r c o m p a r e d to grasses (53%) i n s u m -
mer (S0rmo et al., u n p u b l . ) . Caecal v o l u m e relat ive 
to r u m i n a l r e t i c u l u m v o l u m e is h i g h e r i n concen-
trate selectors t h a n i n grazers ( H o f m a n n & Stewart , 
1 9 7 2 ; H o f m a n n , 1 9 7 3 ; 1985 ; 1989) . I n A f r i c a n 
r u m i n a n t s there is no e x p e r i m e n t a l evidence to s u p -
p o r t the v i e w that caecal d i g e s t i o n is re la t ive ly m o r e 
i m p o r t a n t i n concentrate selectors t h a n i n grazers or 
i n t e r m e d i a t e feeders ( H o p p e , 1984) . W e f o u n d , 
however , that i n the Sva lbard re indeer the D F C c o n -
t r ibutes subs tant ia l ly (17%) to the t o t a l p r o d u c t i o n 
of V F A i n w i n t e r i n an area where f o o d is scarce and 
that the i m p o r t a n c e of D F C seems less w h e n food is 
a b u n d a n t . I n sheep, caecal V F A c o n t a i n a r e l a t i v e l y 
h i g h e r p r o p o r t i o n of branched c h a i n acids c o m p a r e d 
to the r u m e n , i n d i c a t i n g greater c o n v e r s i o n of p r o -
t e i n to V F A ( 0 r s k o v et al, 1970) . I n the S v a l b a r d 
reindeer the concent ra t ion of b r a n c h e d , c h a i n e d 
V F A i n the D F C d i d not indica te a h i g h f e r m e n t a t i -
on of p r o t e i n (Table 6). 
Energetics 
T h e energy c o n t r i b u t i o n s f r o m V F A f r o m the 
r u m e n and D F C of reindeer o n N A i n w i n t e r a n d 
s u m m e r were 8.0 a n d 6 7 . 3 % , respect ively, m o r e 
t h a n the fas t ing m e t a b o l i c rate o f re indeer (112 .3 
K J / k g W 0 7 7 d ) p r e d i c t e d by N i l s s e n et al. (1984) , 
regardless of season. O n N L i n s u m m e r , V F A c o n -
t r i b u t e d as m u c h as 8 0 . 5 % m o r e t h a n the f a s t i n g 
m e t a b o l i c rate ( W h i t e & Staa land, 1 9 8 3 ; N i l s s e n et 
al, 1984) b u t i n a u t u m n , V F A p r o d u c t i o n c o n t r i -
b u t e d o n l y 6 7 . 4 % o f fas t ing m e t a b o l i c rate. 
A n n i s o n & A r m s t r o n g (1970) e s t i m a t e d that i n 
r u m i n a n t s 5 0 - 7 0 % o f the basal m e t a b o l i c rate 
( B M R ) or ig inates f r o m V F A p r o d u c t i o n f r o m the 
d i g e s t i v e s y s t e m . O n N L i n w i n t e r , however , the 
V F A p r o d u c t i o n rates f r o m the r u m e n a n d D F C was 
very l o w c o n t r i b u t i n g 0 - 4 5 . 7 % to the fas t ing m e t a -
b o l i c rate c a l c u l a t e d f r o m N i l s s e n et al. (1984) . T h i s 
has also been observed for other r u m i n a n t s l i k e the 
K l i p s p r i n g e r (Oreotragus oreotragus) where the r u m i -
n a l V F A as % o f B M R c o n t r i b u t e d o n l y 1 1 % 
( H o p p e , 1984) . O r p i n et al. (1985) ca lcu la ted that 
b o d y fat i n S v a l b a r d re indeer can o n l y s u p p l y 10¬
3 0 % of the d a i l y energy e x p e n d i t u r e d u r i n g the 
w i n t e r a n d that the rest p r o b a b l y o r i g i n a t e d f r o m 
the p lants eaten. T h e mosses i n the r u m e n contents 
of the N L re indeer d i d not seem to c o n t r i b u t e s i g n i -
ficantly to energy p r o d u c t i o n i n w i n t e r . 
I n c o n c l u s i o n , the seasonal a n d g e o g r a p h i c a l d i f -
ferences i n d i e t o f the S v a l b a r d re indeer are reflected 
i n the f e rmenta t ive a c t i v i t y i n the r u m e n and D F C 
m i c r o - o r g a n i s m s . I n areas w i t h a b u n d a n t v e g e t a t i o n 
w i t h h i g h contents of p l a n t c e l l w a l l s b u t l o w W S C 
and p r o t e i n levels , the p r o d u c t i o n rate of V F A is 
l o w b o t h i n the r u m e n a n d D F C , even t h o u g h the 
size of the D F C is large. I n areas where c e l l w a l l 
m a t e r i a l is l o w a n d W S C a n d C P re la t ive ly h i g h , 
b u t p l a n t a v a i l a b i l i t y is l o w , the p r o d u c t i o n rate o f 
V F A is h i g h b o t h i n s u m m e r a n d w i n t e r a n d the 
D F C cont r ibutes as m u c h as 1 7 % of the to ta l V F A 
p r o d u c e d i n w i n t e r . 
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A p p e n d i x : Tables 1 - 6 
Table 1. Chemical composition of organic dry matter i n the rumen of Svalbard reindeer (%, mean ± SD). 
Nordensk iö ld land N o r d a u s t l a n d e t 
W 1 9 9 4 W 1995 A 1995 W 1994 S 1995 
» = 3 n=2 n=A n=2 n=9 
C e l l w a l l 7 5 . 6 ± 3.2 6 2 . 3 ± 5.2 6 8 . 9 ± 3.2 45 .1 ± 3.2 4 8 . 6 ± 4.1 
W S C * 1.3 ± 0.4 1.0 ± 0.3 1.6 ± 0.5 5.8 ± 2.5 4 .5 ± 2.1 
C r u d e p r o t e i n * * 12.4 ± 1.1 14.7 ± 1.8 17.7 ± 0.8 18.5 ± 1.7 28 .2 ± 2.0 
P l a n t q u a l i t y i n d e x * * * 13.7 15.7 19.3 24 .3 32 .7 
W=winrer , A=autumn, S=summer. Data modified from Sørmo et al., unpubl . 
* W S C = warer soluble carbohydrates. 
* * Crude protein = total rumen nitrogen x 6.25. 
* * * P l a n t quality index = W S C + crude prorein. 
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